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Particles from the Earth's magnetosheath have often been observed to precipitate into the auroral ionosphere over a wide range of local times on the dayside [e.g., Heikkila and Winningham, 1971; McDiarmid et al., 1976; Reiff et al., 1977] . Magnetospheric boundary regions have been associated with this precipitation.
Identification of the different boundary layer regions from observations of the magnetosheathlike precipitation would give the ionospheric mapping of the boundary regions and related boundary layer processes. Thus observations of these particles at low altitudes provide a means to monitor the various processes operating to transfer mass, energy, and momentum across the dayside magnetopause (for a review, see Crooker andBurke [1991] ). Newell and Meng [1988, 1989] (hereafter referred to as NM) analyzed precipitating particle data from the lowaltitude, polar-orbiting DMSP spacecraft. They developed rigorous criteria for identifying the cusp and the low-latitude boundary layer (LBL) within the region of magnetosheath particle precipitation.
The magnetospheric cusp is characterized by the direct entry of magnetosheath particles along open field lines on the dayside. This results in a fairly high flux of precipitating particles of relatively low average energy. The low-latitude boundary layer is, in contrast, a region that is at least partially on closed field lines and extends into the magnetosphere just inside the magnetopause. It contains a mixture of magnetosheath and magnetospheric particles and produces precipitation with a higher characteristic energy but a lower number flux than occurs Copyright 1992 by the American Geophysical Union.
Paper number 92JA00322. 0148-0227/92/92JA-00322 $05.00 within the cusp. NM noted that the signature of the LBL at low altitudes has been referred to as the cleft.
In this paper we show that it is also possible to identify the LBL and separate it from the cusp from observations of energetic (_30 keV) particles at low altitudes. Using $3-3 low-energy and energetic particle data, the LBL identification obtained using the NM criteria is compared with that obtained using energetic particle observations. This comparison allows us to test both identifications.
It also shows that the application of both sets of criteria can provide more frequent and reliable identification of the LBL and more accurate identification of its latitudinal extent than can be obtained by using either criterion alone. We also take advantage of the $3-3 particle data to investigate the magnetic field geometry and the occurrence of auroral acceleration processes within the LBL and the cusp.
The NM criteria involve thresholds on the energy flux and average energy of the 32-eV to 30-keV electron and ion precipitation as measured by the SSJ/4 instrument on the DMSP F7 satellite. NM require that the four criteria given in Table 1 be satisfied for a particular region of precipitation to be identified as the LBL. If the average energies of electrons and ions are both below those given by criterion 3 in Table I but the other criteria are satisfied, then the region is identified as cusp. If criterion 4 is violated, then the region is identified as plasma sheet (or radiation belts).
The NM studies of dayside DMSP data have recently been extended to identify the plasma mantle and polar rain regions which lie poleward of the cusp and LBL [Newell and Meng, 1990; Newell et al., 1991a] . This report, however, will focus primarily on the signature of the LBL and its separation from the cusp. The simple NM criteria for identification of the regions given have been augmented by a pattern recognition electron energy flux, eV s-I Je > 6 x 101°c m-2 sr-I ion energy flux, eV s -_ cm -2 Ji > 101°s r -I either electron average 220 < Et < 600 energy, eV or ion average energy, eV 3000 < Ei < 6000 energy flux of 2-and 5-keV <107 electrons, eV s -I cm -2 sr -I electron average energy, eV Je > 6 × 10 l°J i > 5 × 10s 300 < Ee < 1000 1000 < E_ Ee < I000 technique using a neural network algorithm [Newell et al., 1991b] . This technique may provide more accurate identification of the various regions, but it provides little quantitative information regarding their physical characteristics. Thus we have used only the NM criteria discussed above.
The data from the $3-3 satellite are particularly advantageous for this study because it was a polar-orbiting satellite at relatively low altitudes that measured energetic particles as well as lower-energy plasma. It was also a spinning satellite, so that particle pitch angle distributions were obtained. The pitch angle distributions of the energetic particles reveal important information on the topology of the local magnetic field lines and on magnetospheric processes. Distributions that are peaked at 90°and have well-defined minima in both the upguing and downgoing loss cones are a signature of magnetic trapping on closed field lines. We use this signature of "trapped" distributions to confirm that the LBL lies at least partially on closed field lines. Distributions that are isotropic except for the upgoing loss cone result from strong pitch angle scattering that can be caused by wave-particle interactions or by violation of the guiding center approximation in regions of weak magnetic field. The angular distributions of the lower-energy particles allow us to identify the occurrence of auroral acceleration processes, such as the production of ion conics, within the different regions.
The following section provides a brief review of the relevant instrumentation on the $3-3 spacecraft, a description of several cases of LBL signatures in the $3-3 data, and statistical results using all available $3-3 data from the dayside sector.
OBSERVATIONS
The $3-3 spacecraft was launched during July 1976 into an elliptical polar orbit with an initial inclination of 97.5°, an apogee of 8040 km, and a perigee of 240 km [Cattell, 1982] . The satellite was spin-stabilized in a cartwheel mode with a nominal spin period of 20 s. The instrumentation included two electrostatic analyzer (ESA) sensors measuring electrons from 170 eV to 8.4 keV and ions with energy per charge in the range from 90 eV/q to 3.9 keV/q, each in eight logarithmically spaced channels. A complete energy spectrum was measured by the analyzers once per second. In addition, a magnetic spectrometer measured electrons in the energy range 12-1600 keV in 12 differential energy channels, and a solid-state telescope measured protons in the range 80-1500 keV in five integral energy channels.
In this study we use only the channels with the best statistics: the 33-keV and 235-keV channels from the magnetic electron spectrometer and the >80-keV and >150-keV channels from the proton telescope.
To select intervals of the $3-3 data for this study, all 86 passes were examined in which the satellite crossed the polar cap (greater than 60°invariant latitude) at an altitude greater than 1500 km in the dayside sector (10-14 MLT). The data set was then further restricted to those intervals in which the measured levels of both the energetic electron and ion precipitation were statistically significant (differential electron number flux at 33 keV greater than approximately 10_ s -1 cm -2 sr -I keV -I and ion flux at 140 keV greater than 10 s -1 cm -2 sr -1 keV-l).
This requirement reduced the data set to 77 satellite passes. Approximately half these cases were selected for this initial study, which resulted in 21 cusp/LBL crossings in which both the energetic particle data and the lower-energy ESA data were available simultaneously for comparison.
Examples
Plate 1 shows an example of the $3-3 data from March 9, 1977, with the spacecraft in the dayside sector moving equatorward from the polar cap into the radiation belts. Seven and one-half minutes of data are shown as line plots of the energetic particle number fluxes and energy-time spectrograms of the lower-energy plasma number fluxes. The energetic particle fluxes have been averaged over l-s intervals. The top two panels display the electron data, and the bottom two panels show the ion measurements.
Note that the top of the electron spectrogram includes the same 33-keV channel as is plotted in the top panel and that the energy scale of the ion spectrogram is inverted. The middle panel shows the pitch angle of the particles sampled as the spacecraft spins, with 00 designating downgoing particles and 180°designating upgoing particles for satellite passes in the northern hemisphere (positive latitude). The angles are reversed for southern hemisphere passes (negative latitude). The pronounced spikes in the ion spectrogram once per spin at a pitch angle of approximately 90°are artifacts due to the response of the ion detectors to solar UV illumination. These sun spikes are well separated from the downgoing loss cone and have little impact on our study of the LBL precipitation.
The spectrograms of Plate I show that the particle precipitation prior to 45541 s UT is observed over the energy range which is typically found in the magnetosheath.
NM used similar data to identify the regions of precipitation as the LBL and, further poteward, the cusp. The cusp is clearly identifiable in this example by the characteristic triangularPlate 1. $3-3 particle data during a 7.5-min interval with a crossing of the LBL and cusp. Color energy-time spectrograms display the $3-3 low-energy electron and ion differential number fluxes. The top and bottom panels contain line plots of two channels each of the energetic electron differential number flux and the proton integral number flux. The fluxes from the >80-keV proton channel have been offset upward by 2 orders of magnitude. The 33-keV electron fluxes in this region are intermediate in magnitude between the low background of the polar cap on the left side of the figure and the more intense radiation belt fluxes on the right. This interval appears to be a distinct region of the magnetosheathlike precipitation that is distinct from the cusp at higher latitudes and the radiation belts at lower latitudes.
Such a feature is typical of all the $3-3 energetic electron data (having statistically significant fluxes) within the dayside sector. The region is often clear in the 235-keV electron channel as well as the 33-keV channel, and it can be identified in the 235-keV data in Plate 1. The edges of this region are sharp and correspond well with discontinuities in the lower-energy electron and ion precipitation in the spectrograms. In particular, the poleward edge of the region is collocated with the equatorward edge of the cusp as identified by the ions. The above characteristics suggest that the energetic particle data can be used as an alternative method to identify the source regions of the precipitation. We propose that the highlighted region be identified as the low-latitude boundary layer, its poleward boundary being at the equatorward boundary of the cusp and its equatorward boundary separating the LBL from the plasma sheet or radiation belts.
The energetic ion data in the bottom panel of Plate 1 show a poleward edge, where fluxes drop to the background levels of the polar cap, that coincides with the poleward edge of the observed energetic electron fluxes. This feature is typical of the data; thus the poleward boundary of the ions can also be used to identify the boundary between the LBL and the cusp. The poleward boundary of energetic ions and electrons is often referred to as the trapping boundary, and it is thought to occur at the boundary between open and closed magnetic field lines. In Plate 1 the energetic ion fluxes are reduced within the highlighted region, as are the energetic electron fluxes. This feature is not commonly found in the $3-3 data. The energetic ion fluxes typicaUy do not show a significant change at the equatorward boundary of the region, so that only the energetic electrons can be used to identify the equatorward boundary of the LBL. This identification of the LBL based on energetic particle fluxes is consistent with the limited observations of energetic particles within the LBL that have been reported from high altitudes near the magnetopause [Williams et al., 1985; Croley et al., 1986; Song et al., 1990] . These high-altitude observations show that energetic electrons, but not energetic ions, have significantly lower fluxes within the LBL than on lower-latitude field lines.
To test the identification of the LBL using the energetic electron data, we compare it to the identification obtained using the NM criteria on the lower-energy particle precipitation. The differences between the DMSP and $3-3 data, however, require some changes in the criteria in order to make them applicable to the $3-3 data. Table I shows a comparison of the threshold values for the study of DMSP data by NM and our modified thresholds for the $3-3 data. Most of the changes are due to the more limited energy range of the $3-3 low-energy plasma instrument compared with the DMSP sensors. The NM criteria are based on thresholds on the average energy and total energy flux integrated over the ranges of energy measured by the DMSP sensors. Any similar criteria for the $3-3 data consequently need to be adjusted to the $3-3 energy ranges as closely as possible.
Criterion 3 of the electron and ion average energies listed in Table l was readily adjusted to the $3-3 data. The electron data on $3-3 have a lower energy limit of 170 eV, whereas the lower limit of the DMSP data is 32 eV. The average electron energy within the LBL as measured by the $3-3 detector is thus higher than as measured by the DMSP detector. A wide gap in energy exists between the two $3-3 ion instruments, so that it is impossible to extend the upper limit of the low-energy ion data beyond 3.9 keV. This limit of the $3-3 ion data, as compared with the DMSP data, has led us to reduce the lower threshold on the average ion energy to I000 eV and to eliminate the upper threshold.
The major difference between the two sets of criteria is a substantial decrease of the threshold on ion energy flux to 5 × 108 eV s -1 cm -2 sr -J . A factor of 3.3 of this reduction (to a value of 3 x 109 eV s -I cm -2 sr -I) is a result of the more limited energy range of the $3-3 ion measurements compared with the DMSP data. A substantial portion of the energy fluxes in the NM data are energies >3.9 keV, and we will show that this reduction in the threshold gives LBL identification results that are consistent with those obtained by NM. However, by using the additional information provided by the energetic particle measurements we have been able to further reduce the ion energy flux threshold by a factor of 6 to the value of 5 x i0 s eV s -I era -2 sr -1. This modification of the NM criteria provides identification of the LBL for lower intensities of ion precipitation than was previously possible. Figure 1 shows the average energies (in units of eV) and total energy fluxes (in units of eV s -I cm-2 sr-I) computed from the data in the spectrograms of Plate 1. The top two panels give the electron data, and the bottom two panels give the ion data. The full pitch angle variations of the parameters are shown, the satellite spin being most noticeable via the energy flux minima in the upgoing loss cones for ions prior to 45550 s and for electrons after 45550 s. Note that the sun spikes have been removed from the ion data. The horizontal dotted lines in each panel of Figure 1 show the thresholds in each quantity that are given in Table 1 for identification of the LBL in the $3-3 data. For a region to be identified as the LBL, both the electron and ion energy fluxes must be greater than their respective thresholds. If these conditions are met and the electron average energies are in the range 300-1000 eV, or the ion average energies are greater than 1000 eV, then the region is designated to be LBL (unless the electron average energy is >1000 eV).
The vertical dotted lines in Figure 1 mark Table 1. dramatic increase in average energy to radiation belt values. This feature is typical of our data. The poleward boundary of the LBL is marked by a decrease in the average electron and ion energies.
A second example from July 29, 1976, is shown in Plate 2 and Figure 2 . The cusp in this example is very well defined in the ions and has precipitation extending to energies above 4 keV. As in the previous example, the LBL is easily identifiable in the energetic electrons, the poleward boundary being also clearly identifiable in the energetic protons. The equatorward boundary of the LBL is clearly identifiable in the plasma spectrograms in Plate 2 and from the plasma parameters in Figure 2 , though the energy flux of downgoing electrons is just barely large enough to satisfy the NM criterion.
The poleward boundary of the LBL is identified using the NM criteria by a small change in the electron energy fluxes. The small magnitude of the variations in the low-energy plasma parameters may be due in part to the more limited energy range of the $3-3 instrument compared to the DMSP instrument.
These changes by themselves would not give the boundary locations with great confidence. However, the use of both the lower-energy plasma and the energetic particle data provides a clear identification of the boundaries.
The ion spectrogram
in Plate 2 clearly shows ions accelerated out of the ionosphere within the cusp and LBL. These upgoing ions, known as ion conics, have enhanced fluxes symmetrically distributed about the flux minima that are centered within the upgoing Ioss cone [Shelley et al., 1976; Sharp et al., 1977; Mizera and Fennell, 1977; Gorney et al., 1981] . Enhanced fluxes of the conics can be seen extending up to _0.5 keV within the polar cap after 42900 s. They extend to increasing energies with decreasing latitude, reaching nearly 4 keV within the LBL. No conics are seen equatorward of the LBL. In this particular example, the low-latitude termination of the ion conics can be seen to have been very abrupt and almost precisely at the lowlatitude boundary of the LBL. This is because the equatorward boundary of the LBL occurred almost precisely as 180°p itch angle particles were being measured, and only one half of the lowest-latitude conical ion distribution was measured.
A third case is shown in Plate 3 and Figure 3 , from December I I, 1977. For this example, the LBL is clearly identifiable using the 33-keV electron fluxes as the highlighted region in Plate 3 from -80805 s to 80960 s. In this particular case the energetic proton fluxes were too low to obtain statistically significant measurements.
From Figure 3 we see that the NM criteria are not satisfied throughout the highlighted region. They are definitively violated for a 40-to 60-s interval (2 or 3 satellite spins over approximately l°in latitude) near 80900 s. Such a major variation is unlikely to be filtered out by any automated algorithm like that of Newell et al. [ 1991 b] . On the other hand, the LBL is clearly identified by the NM criteria equatorward of that region and is marginally identifiable poleward of that region. Despite the fact that the NM criteria are not satisfied throughout the entire LBL region identified by the energetic electrons, the LBL region stands out clearly in both the spectrograms of Plate 3 and the plasma parameters of Figure 3 as an identifiable region that is distinct from the radiation belts and the polar cap. (Energy fluxes were too low poleward of the LBL for the cusp region to be identified with the NM criteria.) This example shows that the energetic particles can he used to identify the entire latitudinal extent of the LBL, when 
Statistical Results
A survey was performed of the 21 cases in the 1000-1400 MLT sector in which the energetic electron flux was above the background level. The equatorward edge of the LBL could be discerned from the energetic electron flux in 19 (90%) of these intervals. This transition always took the form of a discontinuous change in flux to a level between that of the more intense radiation belt fluxes and the background levels of the polar cap. The edge was usually, but not always, better defined in the 33-keV channel than in the 235-keV channel because of its better statistics.
The energetic ion precipitation only rarely showed a change which was clearly associated with the equatorward edge of the LBL The energetic electron fluxes sometimes decreased with increasing invariant latitude within the LBL sufficiently that count rates became too low to identify the poleward edge.
By using only these data, the poleward edge was identified in 15 of the 19 cases with an unambiguous equatorward edge. However, energetic proton fluxes can be sufficiently high for the poleward edge to be identified even when the energetic electron fluxes become too low. By utilizing a combination of the energetic electron and proton flux data we were able to increase the identification rate to 18 of the 19 intervals. In the remaining case a clear poleward edge of the LBL was not identifiable using the energetic particles, though an approximate location of the edge could be determined.
In two (10%) of the total 21 passes, a direct transition from the plasma sheet to the cusp was observed without an identifiable LBL region.
We have compared the LBL identifications obtained using the energetic particles to those obtained using our modified NM criteria of the low-energy panicles.
However, before discussing this comparison, we compare the flux levels observed by $3-3 within the cusp with those that have been reported from other satellites. We do this because the NM criteria use thresholds on absolute fluxes and the comparison can thus be affected by differences in the instrument calibrations.
The energy spectra measured by $3-3 for the electrons are reasonably consistent with the other measurements in the magnetosheath and the cusp. However, for most of the $3-3 orbits, the ion energy spectrum in the cusp exhibited a peak which is below the levels reported by The above comparisons show that the peak $3-3 fluxes during cusp traversals axe as low as -103 s -_ cm -2 sr -1 eV -I, whereas other published fluxes generally peak at values above -l04.
However, the descriptions of the ISIS, AE, DE 1, DE 2, DMSP, and $3-3 instruments reveal that only $3-3 and DMSP had ion detectors sensitive enough to measure fluxes near the 103 s -1 cm -2 sr -I eV -I level. Thus the lack of peak fluxes much below 104 on other satellites may well be due to detector sensitivities.
The most meaningful comparison for the $3-3 data is with the DMSP data. Plate 6 of Newel! and Meng [1989] shows that the yearly average cusp fluxes observed by DMSP peak at 2 x 104. This seems consistent with the $3-3 data, although yearly averages will smear out energy spectral peaks. Of the five individual DMSP passes shown by NM, it should be noted that two cases showed peak fluxes of 2-5 x 104.
We conclude that both the $3-3 ion and electron data are reasonably consistent with the published results. There may, however, be a small discrepancy between the DMSP fluxes and the $3-3 data which is about a factor of 2-3. This could be a solar cycle variation or another effect, and it should be studied further. Table 2 su.mmarizes the results of our comparison of the LBL identifications obtained using the energetic particles to those obtained using our modified NM criteria of the lowenergy particles. The quantity listed is the percentage of orbits in which the LBL could be identified by the various methods. The most significant change we have made in the NM criteria is a reduction in the ion energy flux threshold. When we applied the original NM threshold of 10 I°eV s -I cm -2 sr -j to the $3-3 data, we found that a region was identified as LBL in only 29% of the 21 orbits. This is significantly lower than the occurrence frequency of the LBL in the noon sector reported by NM. We believe that Energetic panicles 90% 95% NM criteria with ion energy flux threshold 101°eV s -I cm -2 sr -I 29% 16% 3 x 109 eV s -1 cm -2 sr -I 67% 37% 5 x l0s eV s -i cm -z sr -I 81% 68% Unit is percent of orbits.
this discrepancy is due to the more limited energy range of the $3-3 ion data as compared to the DMSP measurements. Assuming that the spectral shape remains approximately the same, the $3-3 energy range dictates a reduction of the ion energy flux threshold by a factor of 3. Using a modified threshold value of 3 x 109 eV s -I cm -2 sr -I resulted in an identification of a region as LBL in 67% of the cases. This occurrence rate is essentially the same as that obtained by NM in the DMSP study for the noon magnetic local time sector, which indicates consistency between our identification of the LBL in the $3-3 data and the NM identification using the DMSP data. This result gives us confidence that any small calibration differences between the $3-3 and the DMSP sensors do not significantly affect the identification.
Also, by using the threshold value of 3 x 109 eV s -1 cm -2 sr -t, we never obtained a false identification of the LBL when compared to the identifications obtained from the energetic particle data. All LBL regions identified using the 3 × 109 eV s -t cm -2 sr -I threshold were entirely within the LBL region identified using the energetic electrons.
However, even with this reduced threshold, we missed five of the 19 orbits for which the LBL was dearly identified by the energetic electron data. Also, the full latitude range (to within one satellite spin) of the LBL obtained from the energetic particles was only identified on seven (37%) of the orbits. Using the original NM threshold, the full latitude range of the LBL was only identified on three, or 16%, of the 19 orbits. Note, for example, that the full latitude range of the LBL could not be identified in the case of Plate 2 and Figure 2 using the 3 x 109 eV s -1 cm -2 sr -1 threshold.
Comparisons such as in Figure 2 suggest that the threshold on the ion energy flux could be further reduced without yielding false identifications of the LBL. We have found that a reduction to 5 x l0 s eV s -I cm -_ sr -I yields improved agreement between the two techniques for identifying the LBL without providing any false identifications (based on the energetic electron identifications).
Using this value for the ion energy flux threshold, a LBL was detected using the low-energy particles in 17 (81%) of the 21 examined orbits. The LBL was identified in the energetic electrons but not in the low-energy particles in only two (10%) of the cases, demonstrating excellent agreement between the two techniques.
We also found that the reduced ion flux threshold gave correct identification of the full latitudinal range of the LBL, based on the range obtained from the energetic particles, for 13 (68%) of the 19 LBL orbits. This is approximately twice as often as obtained using the 3 x 109 eV s -I cm -2 sr -I threshold.
In the remaining cases the latitude range determined from the low-energy data was fully enclosed by the range identified from the energetic particles.
These statistics give further evidence that the reduction of the ion energy flux threshold by a factor of 6 gives improved identification of the LBL, and we feel that this reduction could be applied with confidence to the DMSP data used by NM to allow identification of LBL for lower levels of the ion energy fluxes.
Statistics have also been compiled on phenomena inferred from the angular distributions of the particle fluxes. The energetic protons had isotropic angular distributions that were identifiable within the LBL for all orbits (17) for which count rates were sufficiently high for the distributions to be ascertained.
These isotropic proton distributions were observed to persist equatorward of the LBL region in 14 (82%) of the cases. This isotropy implies the existence of a process operating at higher altitudes on closed field lines that scatters particles into the loss cone near the strong diffusion limit.
Identifiable
regions of field-aligned electron acceleration by • _ I kV were relatively rare in our data set. This acceleration was observed twice within the LBL and four times within the region of magnetosheath ion precipitation poleward of the LBL and radiation belts. However, such acceleration often has _11 < 1 keV on the dayside, and a more precise study of such phenomena will require detailed analysis of the electron and ion distributions.
The upward acceleration of ions as conical distributions was observed more often, being identifiable within I 1 (58%) of the 19 LBL regions and within the region poleward of the LBL and radiation belts on six (29%) of the 21 orbits. Conical ion distributions were not observed equatorward of the LBL. These observations imply that conical distributions can be formed on both open and closed field lines.
CONCLUSIONS
We have used particle data from the polar-orbiting $3-3 satellite to study features of the low-latitude boundary layer and to study physical processes and particle sources associated with the dayside boundary layers. Previous studies have concentrated on observations of precipitating particles over the range of energies found in the magnetosheath.
Here ROEDERANDLYONS: Low-LATITUDE BOUNDARY LAYERIDENTIFICATION 13,827
we have included the energetic electron and ion data as well as the lower-energy particle data. We have also used angular distributions of the particles. As a result, we have been able to obtain considerably more information than would otherwise be available.
The primary result is that the LBL can be identified from observations of energetic electrons as a region where fluxes are intermediate in magnitude between radiation belt levels and the background levels of the polar cap. When fluxes are sufficiently high that reliable flux measurements can be made, the energetic electron measurements were found to give reliable LBL identification and a definitive determination of its latitudinal extent. Energetic proton fluxes were found to be useful in identifying the poleward edge of the LBL. However, the protons alone were found to be insufficient to identify the presence of the LBL because they do not generally have a detectable signature of its equatorial edge.
We have performed a detailed comparison of the LBL and its boundaries as determined from the energetic particles with the LBL and boundaries determined from a modified set of low-energy plasma criteria based on Newell and Meng [1988, 1989] . We have found excellent agreement in 68% of the 19 orbits where the LBL was identified by the energetic electron data. In 10% of the remaining orbits, the modified NM criteria did not provide numerical LBL identification, though a clear boundary region was visually identifiable in the data. For the remaining orbits the modified NM criteria identified the LBL, but not its full latitudinal extent.
Our modified NM criteria differ from the original NM criteria in minor ways (see Table 1 ) that result from the more limited energy coverage on $3-3 than on DMSP satellites. In addition, a significant reduction has been made in the ion energy flux threshold. A factor of 3.3 of this reduction is due to the more limited ion energy coverage.
However, a further factor of 6 reduction has been made in the threshold as a result of the comparisons between the two LBL identification techniques.
We propose that this factor of 6 reduction could be reliably applied to NM's DMSP data set without providing false LBL identifications.
With this reduction the NM criteria should provide identification of the LBL for lower ion precipitation intensities than was previously thought possible.
We further propose that improved LBL identification can be obtained by simultaneously using both criteria whenever lower-energy and energetic particle data are available from a polar-orbiting satellite. The energetic particle data can provide identification when the lower-energy fluxes are below threshold values, and the lower-energy data can provide identification when the energetic electron count rates are too low for adequate count rate statistics.
At times, both techniques can provide identification, thus giving LBL identification with greater reliability than could be obtained from either technique alone.
Our study has also included source, acceleration, and scattering processes operating within and in the vicinity of the LBL. and about half as often poleward of the LBL. Neither acceleration process could be identified anywhere equatorward of the LBL. Field-aligned electron acceleration by smaller potential drops is probably relatively common, but it cannot be studied in detail using the energy-time spectrograms of the present analysis. Our initial results have been limited to a study of 21 orbits. It would be desirable to pursue this analysis further using data from additional $3-3 orbits and to repeat the study when data with increased sensitivity become available from a polar-orbiting satellite that measures the angular distribution of lower'energy and energetic particles. For example, we have identified the LBL on -90_ of dayside orbits by using the energetic particle data. On the other hand, NM identified the LBL on -70% of a large number of dayside DMSP orbits, and our identification rate agreed with this when we applied the NM criteria to the $3-3 energy coverage.
We found an increase in the identification rate to -80% by reducing the ion energy flux threshold. It would be interesting to see if the increase to -90% is maintained using energetic particle data from a larger sample of orbits and for electron flux levels which are lower than can be measured with the $3-3 instrumentation.
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